We give a brief account of recent theoretical developments in prompt photon production. 
7X, has been a classical tool for constraining the nucleon's gluon density, since at leading order a photon can be produced in the Compt,on reaction qg + -yq. The 'point-like' coupling of the photon to the quark provides a supposedly 'clean' electromagnetic probe of QCD hard scattering. In the framework of QCD perturbation theory, the inclusive cross section is written in a factorized form:
For simplicity, we have integrated over the rapidity q of the prompt photon. In (1), f#I@/A (z., p) denotes the parton density for species a in hadron A, at factorization scale p, Z. being the parton's momentum fraction. d8.b+T./dpT are the partonic hard-scattering functions, which have been calculated to nextto-leading order 2. Hadronic and partonic scaling variables are Z; u 4p~/S and 2$ u 4p~/.$, respectively, with ; = $a%bS.
Unfortunately, in experiment, one has to deal with a substantial background of photons from no decay. In addition, high-pT photons can be produced in jets, when a pa.rton, resulting from a pure QCD reaction, fragments into a photon plus a number of hadrons. This inevitably introduces dependence on non-perturbative (parton-to-photon) fragment ation functions. So far, the latter are insufficiently known. Theoretical studies 3,4,5~G, based on predktions 3'7'8 for the photon fragmentation functions, indicate that the fragmentation component is in practice a subdominant, albeit non-negligible, effect.
In the fixed-target regime, fragmentation photons are believed 5 to contribute at most 20% to the direct photon cross section. At collider energies, the fragmentation mechanism can easily produce about half or more of the observed 93'5 Here an 'isolation' cut is imposed on the photon signal in experphotons 1 .
iment, in order to suppress the m" background. Isolation is usually realized by drawing a cone of fixed aperture in p-q space around the photon, restricting the hadronic transverse energy allowed in this cone to a certain small fraction s of the photon transverse energy. In this way, the fragmentation contribution, resulting from an essentially collinear process, is diminished 10, probably to a level of 15-20Y0, or less 4'5.
We mention that subtleties were observed 1112113 in the past concerning the factorizability of the isolated prompt photon cross section. While in 13 factorization was eventually proved to hold, it was also shown 131211 that with isolation the NLO partonic hard scattering function has a Sudakov-type singular behavior at a certain point inside the physical region, requiring softgluon resummations in order to obtain a reliable theoretical result. It was also pointed out 10 that the (in practice 14) small size of~can give rise to potentially large logarithms of c, associated with soft-gluon emission into the isolation cone.
Further work on the fragmentation component is clearly needed. A recent suggestion 15 to refine isolation by allowing less and less hadronic energy the closer to the photon it is deposited, will, at least theoretically, eliminate the fragmentation' component altogether and could potentially avoid some of the problems just mentioned. This isolation prescription has been applied in studies for prompt photon production at RHIC and LHC 16.
A pattern of disagreement between theoretical predictions and experiment al dat a for prompt photon production has been observed in recent years 14'17'18, not globally curable by changing factorization and renormalization scales or by 5 19J6. The most serious problems relate to the 'fine-tuning' the gluon density J fixed-target data, where NLO theory dramatically underpredicts some data sets 17'1s. At collider energies, there is less reason for concern, but also here the agreement is not fully satisfactory. The mutual consistency of the various fixed-target data sets has been questioned in 6. On the other hand, various improvements of the theoretical framework have been developed. 'Threshold' resumma.tions for the inclusive prompt photon cross section have been performed in aozl and applied phenomenologically in 22'23. As s approaches its minimum value at 2; = 1, corresponding to 'partonic threshold' when the initial partons have just enough energy to produce the high-pT photon and the recoiling jet, the phase space available for gluon bremsstrahlung vanishes, resulting in corrections to db/dpT as large as c$ lnzk ( Its application is particularly interesting in the fixedtarget regime, since here the highest xT are attained in the data, and since here the discrepancy between data and theory is largest. As seen from Fig. 1 , one obtains a significant, albeit not sufficient, enhancement of the theory prediction. Also, a dramatic reduction of scale dependence is found z'. One notices that the formalisms of '""l, which differ in so far as the one of 20 resurns at fixed photon rapidity, whereas the one of 21 applies to the cross section fully integrated over rapidity, yield very similar predictions in practice.
Valuable insight was gained in studies of direct photon production in which transverse smearing of the momenta of the initial partons was incorporated 19,27J28J2gJ30. If, say, in the Compton process qg + yq the initial partons have a non-zero kT, the -y q pair in the final state will acquire a net transverse momentum QT, which may make the process softer than it would be otherwise and result in an enhancement in the photon~T spectrum. The first approacheslg'27'28 assumed Gaussian dependence on kT and enj eyed phenomenological success in that they were able to bridge the large gaps between data and theory for appropriate choices of average (kT), guided by values of dimuon, dijet and diphoton pair transverse momenta. measured in hadronic reactions. On the other hand, it was clear that a more developed theoretical framework was 27 the physical origin for required. For inst ante, as acknowledged already in , the parton kT dependence should be thought, of as initial-state gluon emission, so that QT takes the role of pair recoil against unobserved radiation. Ideally, the phenomenologically required kT smearing would have to be understood in terms of a QT-resummation calculation, with perturbative as well as nonperturbative components, as familiar from the well-explored case of Drell-Yan dimuon production, where soft-gluon radiation gives rise to powers of large logarithms at small Q~, which can be resummed to all orders. In the inclusive partonic prompt photon cross section d&ab+vc /dpT, such Q~-logarithms will not be visible at any given order of perturbation theory; however, they will show up when considering d6ah+7c/d2QT dpT and can be resummed prior to QT integration. Attempts in this direction were first made in 29'30, where parton densities, unintegrated over parton transverse momentum, but constructed from the usual densities, were used. The 'double-logarithmic approximation' was employed in 29'30. In 30, only small recoil effects were found when a strong ordering constraint was imposed.
In 31, a simultaneousresummation in both threshold and transverse momentum logarithms was achieved. The possibility of doing this had previously been pointed out in 32. Contributions to the hard scattering function associated with threshold resummation are redistributed over soft gluon transverse moment a, simultaneously conserving energy and transverse momentum. Large logarithmic corrections in QT to d&ab+7c/d2QT dpT arising in the threshold region are resummed jointly with threshold logarithms.
A further crucial and distinct feature of 31 is that it remains within the formalism of collinear factorization, which implies use of ordinary parton densities.
The possibility of joint resummation for singular behavior in QT and 1-~$ is ensured by the factorization properties of the partonic cross section near threshold 33. Singular QT behavior is organized in impact parameter h-space, where the logarithms exponentiate.
Defining 'profile functions' in QT as The resulting enhancenlent is clearly subst a.ntial. recoil factor (S/4p~) . For small pT, the enhancement simply grows with QT, while for p~above 5
GeV it has a dip at about QT = 5 GeV, which remains substantially above zero. This makes it difficult to confident y determine~.
So far, the numerical results given in 31 are primarily to be regarded as illustrations, rather than quantitative predict ions. This applies in particular to the resummed QT-integrated cross section, also shown in Fig. 2 for~T >3.5
GeV and ji = 5 GeV. Comparison with Fig. 1 demonstrates the size of the additional enhancement that recoil can produce and its potential phenomenological impact. Further work on the implementation of practical nonperturbat ive estimates and of matching procedures is required.
